g for 30 min resulted in a fractionation of activity into particulate and soluble components. Similar fractionation of activity occurred after adjustment of the pH of crude extracts to 1.40. In addition, hemolytic preparations were not inactivated by boiling for 90 min, by treatment with ethylenediaminetetraacetate, or by heating in equal volumes of 20% KOH. Activity over a wide pH range was noted, with a maximum occurring at approximately 6.0. However, some preparations occasionally exhibited a second peak on the alkaline side.
Previous studies by Berk (1962) described some of the properties of the extracellular hemolysin produced by Pseudomonas aeruginosa. Hemolysin production was noted only when growing cells were cultivated on a solid growth medium. In addition, resting cells were unable to produce hemolysin, even though the organisms were previously cultured on blood agar medium that had exhibited hemolysis after growth. On the other hand, Weld (1934) and Bernheimer (1949) noted that resting cells of group A streptococci could be induced to produce highly potent extracellular streptolysin S by supplements of serum. Although detection of extracellular hemolysin in Pseudomonas broth-culture filtrates has not been successful, recent studies in our laboratory suggested that an intracellular hemolytic agent can be obtained from P. aeruginosa grown in Tryptose Broth in the absence of blood. Therefore, the purpose of this paper is to describe the conditions necessary for production of a previously unreported intracellular hemolysin and its subsequent characterization.
MATERIALS AND METHODS
Organism. The culture of P. aeruginosa used in these studies was obtained from a patient, and was previously described in another paper (Berk, 1962) .
Intracellular hemolysin. Tryptose Broth (Difco) containing 1.0% glucose was inoculated with P. aeruginosa and incubated without shaking at 37 C for 4 days. The resultant cell mass became highly mucoid, and was separated from the medium by several centrifugations at 20,000 to 30,000 X g for 30 min. The supernatant did not exhibit hemolytic activity and was subsequently discarded. The cells were washed once with saline, resuspended in 20 ml of saline, and stored frozen prior to disruption with a chilled French cell and hydraulic press at approximately 20,000 psi. After disruption, cellular debris and intact cells were removed by centrifugation at 12,000 X g for 30 min. The pH of the remaining supernatant was adjusted to pH 5.9 to 6.0, and the preparation was stored frozen until used. Determination of hemolytic activity and titration of hemolysin are described in a previous paper (Berk, 1962) .
Buffers. The phosphate buffers were prepared from stock solutions of 0.1 M acid and basic phosphate. They were made isotonic by addition of 3.5 g of NaCl per liter.
Pigment. Separation of bacterial pigment from hemolytic extracts prior to spectrophotometric assay was accomplished by gentle chloroform extraction.
Titration of antihemolytic activity of normal sera. Normal rabbit serum was diluted twofold in 0.5 ml of phosphate buffer; hemolysin was Titers appeared to be higher upon use of 1% glucose than of 0.1% glucose in the Tryptose medium. However, hemolytic activity was not usually detected in 3-to 4-day cultures grown on a shaker, although growth exceeded that found in static cultures by severalfold. At no time was activity found in the culture supernatant after the cells were removed by centrifugation. Comparison of chilled cells disrupted the same day they were harvested with cells maintained in a frozen state for 48 hr or longer usually indicated that a slightly higher titer was obtained from the former preparations. However, the hemolytic agent apparently was relatively stable, since good activity was obtainable after 3 to 4 months of storage of cells in the frozen state. In general, its properties are strikingly similar to the previously studied extracellular hemolysin; it is characterized below.
Examination of extracts for hemolytic activity over a pH range of 6.0 to 8.0 resulted in 100% hemolysis of all erythrocytes within this pH range. Maximal hemolytic rates were obtained at pH 5.9 to 6.0; there was a decrease in rate as the pH rose. The exact optimum was not discernible, owing to the difficulty of avoiding spontaneous lysis below pH 6.0 and above 8.0. Consequently, the other studies described herein were all performed at pH 6.0. Occasionally, some preparations exhibited the approach of a second optimum somewhere above pH 8.0 (Table 1) . The experiment was performed in triplicate, and the reaction mixture was composed of 0.3 ml of hemolysin, 0.5 ml of 1% erythrocyte suspension, and 1.5 ml of buffer.
Activity was exhibited over the entire range, as shown with other extracts possessing one optimum. In all cases, repetitive additions of erythrocytes to preparations previously exhibiting complete lysis resulted in lysis of erythrocyte supplements.
Comparison of hemolytic activity utilizing sheep and human erythrocytes indicated no significant preference for either species of cell. Consequently, titers of active extracts were usually identical when tested on both erythrocyte suspensions. Most preparations possessed titers of approximately 32 to 64 units per ml, the same range as noted with the extracellular hemolysin found in cellophane washings (Berk, 1962) .
Although all the studies in this report were performed at 37 C, the results of a temperature study itemized in Table 2 indicate marked differences in hemolytic rates as the temperature was varied. However, no activity was observed at 4 C. As the temperature was increased, the VOL. 85, 1963 lag preceding hemolysis shortened. Consequently, the shape of the hemolysis curves was altered accordingly. Similar studies concerning the effect of varying hemolysin levels on 0.5 ml of a 1 % erythrocyte suspension can be found in The stability of the intracellular hemolysin under various conditions was quite marked. No loss in activity was noted upon acidification of hemolytic extracts to pH 1.50 and subsequent readjustment to pH 6.0, as long as the precipitable fraction was not removed. Similar studies with 20% KOH (1:1) indicated no loss in activity, even after 5 min of boiling in alkali. In addition, no loss in activity was discernible after extracts were boiled for 90 min at pH 6.0. nor after treatment with a saturated solution of ethylenediaminetetraacetate. However, a slight reduction in activity (from 20 to 16 units per ml) was noted after 48 hr of dialysis against 0.1 M phosphate buffer (pH 6.0). Inhibition of activity was noted when serial dilutions of normal rabbit serum were added to hemolysin. Serum dilutions of to 1:128 inhibited lysis of erythrocytes, with 100% lysis noted at a serum dilution of 1:256.
Mouse intraperitoneal injections of crude extracts containing hemolysin (0.5 ml) or partially purified hemolytic extracts obtained by precipitation with ammonium sulfate were found to be quite toxic, and usually produced death within 12 to 18 hr. However, it is difficult to assign the toxic properties to hemolysin until it has been extensively purified and re-examined in vivo, since a great deal of other potentially toxic material is present along with the hemolytic material. Previously, the toxic properties of extracts of disrupted Pseudomonas (both soluble and particulate components) were demonstrated by Berk and Nelson (1961) , and resulted in the inhibition of several monocyte and liver enzymes. At the present time, it is impossible to say what role the intracellular hemolysin may have played in these studies.
DISCUSSION
Although many pathogenic organisms exhibit the production of varying types of extracellular agents, it also appears that some of these agents have intracellular counterparts. For example, the intracellular hemolysin found in group A streptococci by Schwab (1955) has been shown to be a separate and distinct entity from the extracellular streptolysins S and 0. In addition, the preliminary results in our laboratory suggest the delayed appearance of 'an intracellular hemolysin in cultures of P. aeruginosa after they elicit extracellular hemolysin during growth on blood agar medium. The relationship between this intracellular agent and the extracellular agent remains as yet unstudied. However, at the present time, it appears that because of autolysis the intracellular hemolysin described herein may be responsible for the hemolytic activity previously observed in filtrates of broth cultures (3 to 4 weeks old) by workers such as Bullock and Hunter (1900) , Landsteiner and Raubilschek (1908) , and Fukuhara (1909) .
The striking similarity between the intracellular agent described herein and the previously described extracellular hemolysin (Berk, 1962) raises the question of whether they are identical or, possibly, whether the former is the precursor of the latter, However, the delayed appearance of the intracellular hemolysin well after secretion of extracellular hemolysin on agar media suggests that the two may be unrelated. Presently, one difference noted between the two may be partially attributed to their method of preparation. For example, the fractionation of intracellular hemolysin into both soluble and particulate fractions by centrifugation, whereas extracellular preparations appeared to be more homogeneous, was partly dependent on and characteristic of the way the preparations were obtained. Another difference was the variation in susceptibility to precipitation with ammonium sulfate treatment. Although the precipitation of both preparations is completed at 50% ammonium sulfate concentration, the intracellular agent begins to precipitate out at 25 to 30%, whereas the extracellular agent precipitates at 40 to 45% ammonium sulfate, suggesting that some variations exist in the physical and chemical nature of the two substances. Another difference is that, although both agents exhibited a wide pH range of activity, some preparations of the intracellular agent exhibited more than one activity peak, as was similarly noted with streptolysin S by Cinader and Pillemer (1950) and Schwab (1955) . In addition, a qualitative variance in hemolytic rates was observed. Whereas the extracellular agent took only a few seconds to produce complete hemolysis in the first two or three tubes of the serial dilution, preparations, of comparable potency, of the intracellular hemolysin exhibited a significant lag before activity was discerned. Similar variations in hemolytic rates of activity were noted by Liu (1957) 
